Introduction
Reactive oxygen species (ROS) are a byproduct of normal metabolism and have roles in cell signaling and homeostasis. Mechanisms exist that regulate cellular levels of ROS, as their reactive nature may otherwise cause damage to key cellular components including DNA, protein, and lipids. A good number of drugs belonging to the class of non-steroidal anti-inflammatory drugs (NSAIDS) have been implicated in one form of cellular toxicity or another. These include acetaminophen, aspirin, diclofenac and indomethacin [1] .
NSAIDs are widely used as antipyretic and anti-inflammation agents. They have also been shown to be effective and useful agents for a variety of diseases including rheumatic, musculoskeletal, and cardiovascular diseases [2] . However, their use is limited by their gastrointestinal toxicity via formation of ROS [3] [4] . It has been proposed that NSAID-mediated gastrointestinal lesions involve the uncoupling of oxidative phosphorylation and inhibition of electron transport chain causing incomplete reduction of oxygen [1] . Specifically, indomethacin, a potent NSAID, has been reported to bind to a site near complex I and ubiquinone, thus facilitating events leading to ROS generation [5] [6] . Subsequently, when the cellular antioxidant capacity is overwhelmed, mitochondrial aconitase is inhibited, resulting in the release of iron that reacts with H 2 O 2 , producing hydroxyl radical. This cascade of events amplifies oxidative stress whose consequential effect is manifested at various cellular/ and organ damage [7] . Oxidative stress-induced functional loss is well correlated with numerous disease states including cardiovascular, neurological, cancer, ageing processes, gastropathy [2] and is also implicated in a variety of drug-induced toxicities such as hepatotoxicity [8] .
Antioxidative and free radical scavenging mechanism plays an important role in the protection against ROS mediated toxicities [9]. Over the past decade, interest in drugs derived from plants, especially the antioxidative ones, has increased appreciably [10] . In some African countries including Nigeria, a good percentage of the populace relies exclusively on plants as a source of medicine to complement and supplement the increasingly expensive orthodox medical services [11] . One of such plants finding applications in this respect is Langenaria breviflora.
Lagenaria breviflora, a perennial climber of the family Cucurbitaceae is a plant occurring from Senegal to the West Cameroons, and generally widespread in tropical Africa [12] . The whole fruit of the plant is used for the prevention and treatment of newcastle disease in poultry and measles in humans [13] [14] [15] . The potency of its fruits against a wide range of gastrointestinal disorders and measles in animal models and humans has been documented in West Africa [16] . Its broad spectrum antibacterial activity has also been reported [17] . Phytochemical analysis of its whole fruit revealed the presence of saponins, phenolic acids [18] and cucurbitacins [19] [20] . Quite a number of cucurbitacins have been investigated for their cytotoxic [21] , antiinflammatory [22] as well as hepato-protective and cardiovascular effects [19] .
Although, literature is replicits with the medical properties of L. breviflora's fruit, there is paucity of information on the therapeutic efficacy of its leaf which is relatively abundant and available year round compared to the fruit. Interestingly, promising data from our laboratory on the bioactive principles and safety profile of its ethanolic leaf extract prompted this research. Accordingly, the present study was designed to evaluate its ethanolic leaves extract for possible antioxidative and hepatoprotective potential on indomethacin ulcerated rats.
II. Methodology

Chemicals and reagents
Assay kits for liver function indices and antioxidants were products of Randox Laboratories limited, United Kingdom. Indomethacin was procured from Kapit Pharmaceuticals Limited, Nigeria. Distilled water was obtained from the Biochemistry Laboratory, Kwara State University, Malete, Ilorin, Nigeria. Other chemicals and reagents were of analytical grade.
Plant collection and authentication
Fresh whole plant of Lagenaria breviflora comprising the leaves, fruits and roots were collected from farms in and around Oke Oyi, Ilorin, Kwara State, Nigeria. The plant was authenticated by a botanist at the Herbarium of Kwara State University, Malete, Nigeria, where a voucher specimen was also deposited.
Experimental animals
Wistar strain albino rats with a mean weight of 120.00 ± 2.33 g were obtained from the Animal House of Kwara State University, Malete, Nigeria. The animals were kept in clean metallic cages placed in a wellventilated room with optimum condition (temperature: 23 ± 1 O C, photoperiod: 12 h natural light and 12 h dark, relative humidity: 45-50%). They were acclimatized to animal house conditions for ten days and were allowed free access to food and water ad libitum. The protocol of the experiment was in conformity with the National Research Council [23] and was approved by the Animal and Human Health Ethics Committee, College of Pure and Applied Sciences, Kwara State University, Malete, Nigeria.
Preparation of ethanolic extracts
Fresh leaves of L. breviflora were chopped into small pieces, air-dried at room temperature for 10 days to a constant weight and subsequently pulverized into fine powder used for the study. The powdered sample (500 g) was suspended in 4 litres of 70% ethanol for 24 hrs. The solution obtained was filtered (with Whatman No. 1 filter paper) and the resulting filtrate lyophilized to give 12.0 g of the residue, corresponding to a yield of 2.4%. This was then stored in a dessicator for further use.
Animal grouping and treatments
Thirty two albino rats were randomized into four groups of eight rats each and were given the following treatments:
Pretreatment with L. breviflora extract followed by indomethacin administration. 4 Indomethacin administered followed by treatment with L. breviflora extract.
Indomethacin administration into group 2-4 rats were carried out at 60 mg/kg b.wt. Prior to the administration of the extract, the rats were deprived of food for 18hrs but had access to clean drinking water ad libitum. Group 1 rats served as normal control and received only distilled water. Gastric ulceration in groups 2-4 rats were induced with indomethacin (60 mg/kg b.w) and were deprived of food but had free access to water 18 h before induction. Group 2 rats served as ulcerated control and received only indomethacin while those in group 3 were pre-treated with therapeutic dose of L. breviflora leaf extract (200 mg/kg b.w) for 21 days prior to ulceration. Four hours after indomethacin administration, rats in groups 1-3 were sacrificed. Animals in group 4 were post-treated with same 200 mg/kg b.w dose of L. breviflora extract once daily for 21 days with administration commencing 4 h after indomethacin administration. On the twenty second day, rats in group 4 were sacrificed. All administrations were done orally with metal oropharyngeal cannula.
Preparation of serum and stomach isolation
At the end of each experimental period, the animals were humanely sacrificed under diethyl ether anaesthesia. The neck area was cleared of fur to expose the jugular vein which was sharply cut with sterile surgical blade for blood collection. An aliquot (5 ml) of collected blood sample was centrifuged at 15000 rpm for 15 min. The clear supernatant was carefully aspirated with a Pasteur's pipette into sample bottles for estimation of serum enzymes against liver function tests. Stomachs excised from the rats were opened along the greater curvature and cleaned of its contents, blood and fats. They were subsequently preserved and homogenized in ice cold 0.1 M phosphate buffer (1:4 w/v, pH 7.4) and used for assay of antioxidants and peroxidation status.
Assay of liver function and antioxidants parameters
Adopting the procedure described by Reitman and Frankel [24] , serum activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were determined. Activities of gamma-glutamyl transpeptidase (GGT) and alkaline phosphatase (ALP) were assayed by the methods of Szasz [25] and Rec GSCC [26] respectively. Albumin and total bilirubin concentrations were respectively determined using the methods of Doumas et al [27] and Jendrassik and Grof [28] . Activities of superoxide dismutase (SOD) and catalase (CAT) were assayed using the methods of Marklund and Marklund [29] and Sinha [30] respectively. Reduced glutathione (GSH) level was estimated based on the method of Habig et al [31] . Following the procedure described by Devasagayam and Tarachand [32] , level of lipid peroxidation measured in terms of malondialdehyde (MDA) was determined in the stomach homogenate.
Statistical analysis
All data were subjected to one-way analysis of variance (ANOVA) using SPSS software package for windows (Version 16) and expressed as mean ± standard deviation (SEM) (n = 8). Significant difference between the treatment means was determined at 5% confidence level using Duncan's Multiple Range Test.
III.
Results Table 1 shows the effect of leaf extract of Lagenaria breviflora on the activities of serum ALT, AST, ALP, GGT as well as concentrations of albumin and total bilirubin in rats. Administration of 60 mg/kg b.w. of indomethacin in the treatment groups for induction of gastric ulceration caused a significant (p<0.05) elevation in these parameters. This was however significantly (p < 0.05) attenuated in both extract pre-and post-treated animals when compared to normal group.
Figures 1-4 revealed the effect of ethanolic leaf extract of L. breviflora on the gastric antioxidant status of the treated rats. Significant elevation (p< 0.05) was observed in the activities of SOD (1), CAT (2) and GSH (3) in the extract treated rats compared with normal control. Similarly, the concentration of MDA (4) was significantly reduced (p< 0.05) following treatment with the extract.
IV.
Discussion
Studies on NSAIDS-induced hepatotoxicity have been outside the scope of most researchers, yet the number of chronic NSAIDS users continue to rise, and its consequential hepatotoxic effect is encountered more frequently than before [2] . This could be attributed to vulnerability of the liver to chemical injury due to its central proximity to the digestive tract as well as its marked ability to biotransform xenobiotics and excrete exogenous substances into bile. Numerous mechanisms of action have been proposed to mediate the toxic effects of NSAIDs like indomethacin on gastrointestinal epithelia and hepatocyte [33] [34] [35] , but of particular interest in the present study is oxidative stress.
A probable way to prevent and manage oxidative-stress-induced toxicity is supplementing and boosting the antioxidant defense system of the body. Our preliminary finding on the phytochemical constituents of the extract revealed the presence of flavonoids, tannins, terpenoids, saponnins and phenolics [36] . These bioactive principles have been reported to promote good health and exhibit antioxidative potentials [37] [38] . Thus, the present study examined the possible antioxidative and hepatoprotective effects of the extract on indomethacin ulcerated rats.
Measurement of liver enzyme activity has been described as a valuable tool in providing information on the effect and nature of pathological damage to the organ. Alteration in activity of liver marker enzymes like alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT) and GGT suggests a possible damage to the hepatocyte membrane and thus a compromised integrity and permeability of the membrane [39] . The significant elevation in the activities of serum ALT, AST, ALP, GGT as well as concentrations of albumin and total bilirubin following administration of 60 mg/kg b.w of indomethacin may be an indication of liver injury. This may be attributed to the generation of free radicals which trigger chains of reaction resulting in liver damage. The increase in serum activities of these enzymes might be due to their leakage into the circulatory system following altered permeability of hepatocyte membrane, reflecting a severe damage to the structural architecture of the liver [40] . These results are in conformity with earlier reports by Aithal and Day [41] and Bjornsson [42] where NSAIDs were reported to have generated free radicals and posed toxic effect on hepatocyte in rats. Conversely, the significant reduction in enzymes activity of rats treated with Lagenaria breviflora leaf extract suggest that the leaf was able to ameliorate the hepatotoxic effect of indomethacin on the liver cells of rats. Similarly, the observed significant increase in serum concentration of total bilirubin in indomethacin ulcerated rats could be due to defect on the sinusoidal surface of the hepatocytes involved in bilirubin uptake that sees to the active transport mediated secretion of conjugated bilirubin into bile. This might have resulted from loss of potential gradient of ions transversing hepatocytes membrane. This agrees with the earlier reports by Garcia et al [43] and Andrade et al [44] where, NSAIDs were reported to have caused increased serum bilirubin. Excretion of serum bilirubin from the body is reduced if the liver is damaged resulting in high concentration of this metabolite in the blood. Thus, the significantly reduced level of bilirubin in the serum of rats, pre-and post-treated with Lagenaria breviflora leaves extract signifies that the plant may be rich in substances involved in maintaining the structural integrity of the hepatocyte membrane. Also, the significant elevation of albumin concentration following ulceration is an indication of increased synthetic function of the liver. This might be a consequence of impaired hepato-cellular function in the indomethacin ulcerated rats. This trend was however significantly (p<0.05) attenuated compared to the normal control in the extract treated groups. The observed trends in the extract treated groups suggest its probable hepatoprotective ability.
Indomethacin has been reported to decrease the antioxidant status in animals via free radicals generation. Such event consequently results in overwhelmed antioxidant defense system in experimental animal model [1, [45] [46] . An imbalance between free radicals production and antioxidant defense system results in oxidative stress which further deregulates cellular functions leading to pathological conditions. In the present study, the reduced activity of antioxidant enzymes in indomethacin-ulcerated rats is a clear manifestation of excessive formation of free radicals resulting in mucosa epithelia damage. However, the significant increase in their activities following treatment with ethanolic leaf extract of L. breviflora is an indication of antioxidant effect. The significantly increased specific SOD activity in rats treated with the extract depicts that SOD aided prevention of gastric ulcer by catalyzing the breakdown of highly reactive radical superoxide (O 2-) into oxygen and hydrogen peroxide [47] [48] . In addition, the elevated activity of CAT and GSH level in the extract-treated rats further attest to the probable antioxidant activity of L. breviflora leaf extract. Chen et al. [49] and Sayanti et al. [45] have also reported enhancement of gastric mucosa integrity by CAT and GSH through increased prostaglandin synthesis.
Oxidative rout to a cell induces peroxidation of membrane-bound lipids whose toxic products cause damage to macromolecules. In the present study, the increased concentration of MDA in the stomach of indomethacin-ulcerated rats is suggestive of facilitated lipid peroxidation leading to tissue damage and failure of body's antioxidant defense mechanisms to prevent formation of excessive free radicals. It has been reported that indomethacin caused significant increase in gastric lipid peroxidation due to free radical injury in necrotic mucosa epithelia of rats [1, 50] . The significantly reduced concentration of MDA in the stomach of L. breviflora leaf extract-treated rats indicates its possible antiperoxidative attribute and thus antioxidative potential.
Studies have shown that L. breviflora is rich in antioxidants and phytochemicals which promote good health [18, 38] . Hence, the effect elicited by administration of the ethanolic leaf extract of the plant may be attributed to its electron donating potential to form stable products and consequently halting free radicals chain reaction. The effect of antioxidants in modulating oxidative damage is opined to have reduced cancer incidence and also prevent cellular damage. Natural antioxidants have also been studied to be vitamins (carotenoids, ascorbic acid, tocopherol and their derivatives) and phytochemicals (flavonoids, saponins, phenols) [51] . The vitamins and phytochemical constituents of L. breviflora are considerably high and have been reported to enhance its therapeutic attribute [52] . This might have contributed to the modulatory effect displayed in the extract treated rats. This is in agreement with the submission of Sabiu et al [40] that vitamins and phytochemicals present in plants scavenges toxic load on the liver by binding to various harmful substances.
V. Conclusion
The restoration of cellular insults on the assayed parameters caused by indomethacin through treatment with ethanolic leaf extract of Lagenria breviflora may be an indication of its inherent hepatoprotective and antioxidant attributes in rats. Efforts are ongoing to isolate and characterize the active principle(s) responsible for the observed trait in the plant and make such a novel antioxidant candidate against drug-induced cellular toxicities. Table 1 : Serum activities and levels of some liver function indices in indomethacin ulcerated rats administered with ethanolic leaf extract of L. breviflora (n = 8, X ± SEM) Bars with different superscripts for the parameter are significantly different (P < 0.05). Bars with different superscripts for the parameter are significantly different (P < 0.05).
Bars with different superscripts for the parameter are significantly different (P < 0.05). Bars with different superscripts for the parameter are significantly different (P < 0.05). 
